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INTRODUCTION 1 i 
Petroleum and na tu ra l  gas production i n  the  United S ta tes  is under continuous 

study by organizations, both p r iva t e  and public, concerned with our energy supply. 
Over t he  years these s tud ies  have l e d  t o  many predic t ions  as t o  when synthetic l i q -  
u id  f u e l s  would be needed. 
petroleum, the excess of demand over supply coming from abroad. 
ample, 1.402 b i l l i o n  ba r re l s  were produced and 1.486 b i l l i o n  ba r re l s  were consumed. I 

Although there  i s  no need t o  produce l i q u i d  fue l s  synthe t ica l ly  a t  the  present time, 
it is comforting t o  have the  know-how, j u s t  i n  case. Coal and o i l  shale a r e  the  1 

l o g i c a l  r a w  materials since ou r  mineable reserves a r e  equivalent t o  t r i l l i o n s  of 
b a r r e l s  of o i l ,  much of it near  a reas  of consumption. 

"1 

1 
4 
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In  the  1940's the  United S ta t e s  became a ne t  importer of 
In 1941, f o r  ex- 

During the  war years t he re  was grave concern about our petroleum reserves, and 
a seview of t he  f a c t s  a t  congressional hearings l e d  t o  the  Synthetic Fuels Act of 
1944. From the  research program supported by this l e g i s l a t i o n  came s ign i f i can t  de- 
velopments i n  the  processing of o i l  shale and the  hydrogenation of coa l  and carbon 
monoxide. The labora tor ies  at R i f l e ,  Colo., and Laramie, Wyo., demonstrated im- 
proved mining methods and techniques f o r  the  conversion of o i l  shale t o  hydrocarbon 
products. A t  Bruceton, Pa., and Morgantown, W. Va., l a rge  research programs were 
car r ied  out t o  demonstrate t he  methods of hydrogenation. A t  Louisiana, Mo., the  
demonstration p l an t  contained a semi-commercial u n i t  f o r  the  hydrogenation of coa l  
and the l a t e s t  concept, a t  that t i m e ,  f o r  the  hydrogenation of carbon monoxide. 
coa l  hydrogenation un i t  could produce 200 ba r re l s  product a day, and over 1.5 m i l -  
l i o n  gallons of gasoline were produced of which l mi l l ion  gallons were f l e e t  t e s t ed  
by the armed services.  Once the  demonstration units a t  Ri f le  and Louisiana were i n  
operation, economic s tudies  were s t a r t ed ,  ear ly  estimates indicated cos t s  of 9 cents 

coal. 

The 

n f o r  gasoline from o i l  sha le  and 14.5 cents  a gallon f o r  gasoline from 

In the  period between 1949 and 1953, the economics of synthetic l i qu id  fue l s  
was evaluated by the  Bureau of Mines, the National Petroleum Council, Ebasco Ser- 
v i ces ,  Inc., and the Bechtel Corporation. These s tudies ,  although s t a r t i n g  with 
t h e  same bas ic  technological concepts, produced r e s u l t s  which varied considerably. 
Some of t he  accountable d i f fe rences  a r e  found i n  the  f inanc ia l  s t m c t u r e  assumed 
f o r  the  p lan ts ,  the  re turn  on investment an t ic ipa ted ,  and the cos t  of the  mine, 
s t a r t u p  expenses, byproducts, and roya l t i e s .  However, there  w a s  one de f in i t i ve  
conclusion--none of the processes could produce a f u e l  t h a t  could compete w i t h  
petroleum. 

The National Petroleum C o u n c i d  a r r ived  a t  the  following s e l l i n g  pr ice  f o r  
gasoline a t  the  refinery: 



Oil shale 
Gas synthesis 
Coal hydrogenation 

14.7 cents a gallon 
29.4 cents a gallon 
36.3 cents a gallon 

These costs assume 6 percent return on investment after taxes and limited credit for 
byproducts. Although gasoline from shale can be produced at a lower cost, the areas 
suitable for production are remote from major markets and transportation costs to 
the west coast would increase the delivered price. 

Deve1opme:iL of the processes for  the formation of liquid fuels were continued 
under the Syllthetic Liquid Fuels Act until1955. Research was then continued as 
part of the Bureau's minerals research and development programs. 
plants were discontinued in 1953. 

The demonstration 

Other processes that might be a source of liquid fuels were part of the research 
program. Particular attention was given to low temperature carbonization where the 
yields of o i l  and tar  may be relatively high. However, like the synthesis processes, 
fuels made by chrbonization are not economically competitive today. 

The overall objectives were clear: For synthetic fuels to be competitive, major 
cost reductions were necessary; for conservation of resources, technology had to be 
improved; f o r  national security, one or more processes should be on the verge of 
comercial development. 

Coal Hydrogenation 

Improvements in the direct hydrogenation of coal were geared to making the proc- 
ess less costly by looking for cheaper sources of hydrogen, improved catalysts, less 
severe operating conditions, and reaction schemes that would simplify the overall 
plant. Good catalysts were found that could be applied in very low concentrations, 
but impregnation of the dry coal was required. Ehphasis had been placed on the use 
of dry coal to eliminate the costly steps in paste preparation and handling. Al- 
though conversion of the coal was high, the distillable oil product still required 
fcrther processing to make it stable enough to be used as an automotive or aircraft 
fuel. Thus only negligible savings could be demonstrated. An attempt to eliminate 
some of the refining was made by hydrogenating coal in a high temperature, one-step 
process. 
unless the catalyst concentration was low, but then coking occurred. 

The reaction rate could not be controlled at temperatures above 480" C 

Another approach was to provide longer reaction times at a much lower pressure 
and to use more catalyst. It was demonstrated that the conversion of hvcb coal at 
2000 psig was about the same as that obtained at much higher pressures and that a 
distillable oil yield of the same magnitude could be recovered. Coal conversions, 
f o r  example, were around 95 percent at 2000 psig, and the average yields of dis- 
tillable oil were about 65 percent. A further consideration was the anticipated 
trend to gas turbines and heavier fuels ;that require less refining. It has been 
demonstrate 
1500 psig.27 Economic gains could be realized from the reduced pressure operation 
requiring less gas compression and lighter construction. 
partially offset by the increase in reactor volune required. Rough estimates in- 
dicated that the price of a gallon of distillate could be reduced from the Npc base 
figure of 36 cents per gallon to about 25 cents per gallon--a considerable saving 
but still fsr from competitive with gasoline from petroleum at 10 to 12 cents a 
gallon. 

that heavy fuel oils could be produced by hydrogenation as low as 

These advantages were 

Gas Synthesis 

m e  hydrogenation of carbon monoxide to liquid fuels is a gas phase catalytic 
process with several reaction systems possible. 
fixed beds with low throughput, but it was not long before improved reactors were 

The first reaction systems were 
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develoged. Among the  l a t e r  systems were the f lu id ized  bed, o i l  c i rcu la t ion ,  s lur ry ,  
and hot  gas recycle. Fluidized bed reac tors  were not invest igated by the Bureau of 
Mines f o r  the synthesis react ion :)ecause pr iva te  industry w a s  developing them. The 
Bureau concentrated on the  l a t t e r  zkiree processes t o  evaluate effect iveness ,  l i f e ,  
and s e l e c t i v i t y  of c a t a l y s t s  and economics of the  systems. For one reason o r  another 
a l l  were eliminated except the  hot  gas recycle process which has prevai led because 
of ca t a lys t  shape developments which reduced pressure drop t o  a negl igible  value and 
o;.eracing f l e x i b i l i t y .  Even a t  high recycle rates of 10 t o  30 volumes of recycle gas 
per  volume of f resh feed gas, t he  recompression cos ts  r e m i n  r e l a t ive ly  low. The 
improvements t h a t  made the d i f fe rence  were ac t iva ted  steel l a t h e  turnings having 
about 95 percent of void space i n  a reactor ,  p a r a l l e l  p l a t e  assemblies with the cata- 
l y s t  flame sprayed on t h e  surface,  and t he  l a t e s t  operable system which merely has 
t he  ca t a lys t  flame sprayed on the  wall of the  reactor .  Heat t r ans fe r  problems i n  the 
las t  configuration a r e  l imi ted  t o  the r a t e  a t  which the  heat  o f  react ion can be trans- 
ferred through the  pipe wall .  Reactors of t h i s  advanced type a r e  more ve r sa t i l e  than 
previously mentioned designs because they may be used f o r  l i q u i d  o r  gas production. 
The o ther  systems capable of t h i s  b i - func t iona l i ty  a r e  the  f l u i d i z e d  bed and f ixed  
bed reactors .  The product composition can be a l t e r e d  by changing the  ca t a lys t  com- 
pos i t ion  or sometimes i t s  pretreatment t o  mdse l i qu id  or gaseous hydrocarbons or  
oxygenated compounds. Regardless o f  t he  react ion system, it s t i l l  takes  about 650 
cubic f e e t  of synthesis gas t o  make a gal lon of l i qu id  product and 4000 cubic f e e t  
of carbon monoxide and hydrogen t o  make 1000 cubic f e e t  of methane. 
t hes i s  gas cos t  of 1 5  cents  p e r  thousand cubic f e e t  from coal  a t  $4 a ton, the con- 
t r i bu t ion  of gas t o  the  t o t a l  cos t  i s  already 9.8 cents  per gallon, o r  60 cents  per 
1000 f e e t  of high Btu gas. 

Using a syn- 

O i l  Shale 

Shales that w i l l  y i e l d  o i l  on pyrolysis  a r e  widely d i s t r ibu ted  i n  the  United 
S ta tes ,  but  t he  deposi t  of most immediate i n t e r e s t  as a possible  source of l i qu id  
fue ls  i s  i n  Colorado. This depos i t  i n  the  Green River Formation is the  world's  
l a r g e s t  reserve of hydrocarbon material .  The deposi t  i n  Colorado i s  the  smallest  
i n  area, 3bout 1,500 square miles ,  but  represents  the  l a r g e s t  reserve,  about 600 
b i l l i o n  ba r re l s  of o i l  i n  beds t h a t  w i l l  y ie ld  an average of 25 gal lons per  ton.21 
The Utah and Wyoming depos i t s  have not been completely evaluated but represent 
roughly 120 b i l l i o n  and 40 b i l l i o n  ba r re l s  of o i l ,  respect ively.  The o i l  produced 
d i f f e r s  from petroleum i n  some important respects,  but  it can be ref ined by su i t -  
ab l e  processes t o  y ie ld  l i q u i d  fuels and other products now obtained f r o m  petroleum. 

Mining cos ts ,  computed fiur'ng the  period of operation i n  the  l94O1s, ranged be- 
tween 47 and 56 cents p e r  ton.27 They included underground labor ,  suppl ies ,  depre- 
c i a t ion ,  taxes,  and adminis t ra t ive  overhead. It i s  d i f f i c u l t  t o  t r ans l a t e  these 
cos ts  t o  the present because improvements i n  mining techniques and equipment, such 
as ro t a ry  d r i l l s  and ammonium n i t r a t e  based explosives,  tend t o  o f f s e t  increased 
labor  cos ts  and cap i t a l  investment. 
t o  c l i f f - f ace  loca t ions  i n  t he  Colorado River drainage area.  Most of t h t  huge re- 
serve i n  the  Piceance Creek basin o f  Colorado i s  i n  thicker  beds away from the c l i f f  
face and w i l l  require  the  development of spec ia l  techniques f o r  recovery. 

The mining method as developed is applicalbe 

The Bureau and several  cooperating organizations have conducted crushing t e s t s  
on o i l  shale ,  using jaw,  gyratory,  impact, and rol l - type equipment. Resulting data  
have proved usefu l  f o r  some design purposes but  a r e  probably inadequate for  exact 
design of a commercial o i l - sha le  crushing plant .  
shale  tends t o  form s l abs  t h a t  present screening and handling problems. 

The tough, e l a s t i c  Green River o i l  

More than 2,000 o i l - sha le  r e to r t ing  systems have been patented throughout the 
vorld,  but these may be grouped i n t o  a few c lasses  on the  bas i s  of method of heat 
t r a n s f e r  (Table 1). 
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TABU 1.- Class i f i ca t ion  of r e t o r t s  

I. Heat i s  t ransfer red  t o  the shale through a w a l l .  
11. Heat i s  t ransfer red  t o  the  shale from,combustion of product gases and res idua l  

carbon within the r e to r t .  
Heat i s  t ransfer red  t o  the sha le  by passing previously heated gases o r  l i qu ids  
through the  s l i d e .  
Heat i s  t ransfer red  t o  the sha le  by mixing it with hot so l ids .  

111. 

IV. 

No single process is  bes t  f o r  use under a l l  conditions. Research i s  being con- 
ducted by both Government and industry i n  an e f f o r t  t o  develop the  technology needed 
t o  produce fue ls  economically from Green River o i l  shale. Three processes have re- 
ceived most recent a t ten t ion .  Two of these,  the gas-combustion process developed by 
the  Bureau of Mines and the  process of Union O i l  Company of Cal i forn ia ,  use combus- 
t i o n  gases fo r  heat,  whereas the  t h i r d  one, a process developed by the  O i l  Shale 
Corporation (Tosco), r e t o r t s  the shale by contact with heated ceramic o r  metal b a l l s .  

I n  the gas-combustion process an upward-flowing stream of gas contacts a de- 
scending bed of broken shale. Recycled product gas en ter ing  the bottom of the re- 
t o r t  absorbs hez t  from the r e to r t ed  shale.  A t  an intermediate point,  a i r  i s  in t ro-  
duced t o  burn the gas and some res idua l  carbon on spent shale. The hot gases heat 
the  sha le  t o  produce o i l  t h a t  leaves the r e t o r t  with the  gases as a f i n e  m i s t .  A t -  
t r x t i v e  fea tures  of t h i s  process a r e  high thermal efficiency, o i l  y ie ld ,  and re- 
t o r t i n g  ra te .  Development o f  t h i s  process w a s  discontinued in  1956 before i t  had 
been completely oerfected but  has recent ly  been resumed a s  the  r e s u l t  of leas ing  
the  Anvil Points F a c i l i t i e s  of the  Department of I n t e r i o r  t o  the Colorado School 
of Mines Research Foundation. 
Socony Mobil O i l  Company and Humble O i l  and Refining Company are  conducting research 
t o  complete development of the  process. 

Through a subsequent contract  with the  Foundation, 

The Union O i l  Company r e t o r t  i s  a countercurrent, moving bed type in  which a 
rock pmg a t  the  base of the  r e t o r t  forces  the shale upward through the  r e t o r t .  
Heat for r e to r t ing  i s  produced by the combustion of the carbon on the  spent shale 
using a i r  drawn dolm through the r e t o r t .  
r e to r t ing  zone a re  condensed on the  cold shale i n  the lower pa r t  o f  t he  r e t o r t .  
This process has e s sen t i a l ly  the same advantages a s  the  gas-combustion process. 

O i l  vapors i n  the gas stream leaving the  

The Tosco process u t i l i z e s  a horizontal  ro ta t ing  k i l n  i n  which pulverized r a w  
sha le  i s  heated by contact wi th  preheated, c lose ly  sized metal o r  ceramic ba l l s .  
Carbon residue on the spent shale is used a s  f u e l  f o r  reheating the  b a l l s .  This 
r e t o r t  w i l l  presumably form the  b a s i s  f o r  commercial operations that have been an- 
nounced by Zolony Development Corporation, which is  a j o i n t  venture of Standard O i l  
Company of Ohio, Cleveland C l i f f s  Iron Company, and the  O i l  Shale Corporation. 

A s  an a l t e rna t ive  t o  the  preceding processes, r e to r t ing  o i l  shale i n  place i n  
Because t h i s  approach involves a d i f f e r e n t  s e t  of the  formation i s  a poss ib i l i t y .  

cos t s  from those f o r  mining, crushing, and surface re tor t ing ,  it. may be a more eco- 
nomicA way t o  produce shale o i l .  
not readi ly  amenable t o  the mining approach and would eliminate the  necess i ty  f o r  
disposing of spent shale. However, development of the process presents  formidable 
research problens. For example, o i l  sha le  i s  e s sen t i a l ly  impermeable, so one of 
-the f i r s t  problems is  t o  c rea te  and maintain su i tab le  permeability. Fracturing by 
conventional petroleum techniques and by nuclear explosives i s  being investigated.  
One drawback i s  t h a t  o i l  shale expands when heated and may r e su l t  i n  the closing 
of the required combustion. path. 

Further, it should be applicable t o  many deposits 

O i l  prcduced from shale of t he  Green River Formation frequently has properties 
t h a t  require the appl ica t ion  of degradation grocesses, such as visbreaking, before 
the o i l  can be transported conveniently by p ipe l ine .  Also, these proper t ies  present 
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some problems i n  the  app l i ca t ion  of standard petroleum re f in ing  processes. For ex- 
ample, t h e  nitrogen content of 2 percent,  which i s  pa r t i cu la r ly  high by petroleum 
standards,  reduces the e f f i c i ency  of ca t z ly t i c  processing techniques, and i t s  pres- 
ence i n  products promotes i n s t a b i l i t y .  Hence, spec ia l  r e f in ing  techniques a r e  re- 
p i r e d .  Hydrogenation i s  an e f f e c t i v e  process$/ f o r  removing nitrogen, su l fu r ,  and 
oxygen from shale o i l  and f o r  producing exce l len t  y i e lds  of high quz l i t y  je t ,  die- 
s e l ,  and d i s t i l l a t e  fue ls .  
stocks f o r  c a t a l y t i c  cracking and reforming p r o c e s s e d  and may be su i t ab le  for use 
ir manufacturing lubr icants .  Because of t he  p o t e n t i a l i t i e s  of hydrogenation, most 
oi the  Bureau's recent r e f i n i n g  research has been devoted t o  t h i s  method. 

Such hydrogenated o i l s  a l s o  a r e  sa t i s f ac to ry  charging 

1 Because sha le  o i l  d i f f e r s  i n  composition from most petroleums, converting it 
to  some products may r e s u l t  i n  byproducts not commonly obtained from petroleum, a t  
least not  i n  a s  la rge  quan t i t i e s .  Among these  may be phenols, pyridines,  and am- 
monia. Others t h a t  a r e  a l s o  commonly obtained from petroleum a r e  hydrogen su l f ide ,  
su l fu r ,  and spec i f i c  o l e f i n i c  or aromatic hydrocarbons. 

Because 1 In  addi t ion  t o  the  by- 
products from sha le-o i l  processing, o thers  may result from the  r e to r t ing  process. ( 

.I 

,' 
the  exact byproducts obtained in  any commercial operation w i l l  depend on 

' d e t a i l s  of the process used, t h e i r  impact on the  process i s  d i f f i c u l t  t o  pred ic t .  

Bituminous Sands and Other Hydrocarbons 

Deposits o f  outcropping bitumen-impregnated rocks and near-surface deposits o f  
heavy crude o i l s  i n  the  United S ta t e s  a re  a t t r a c t i n g  a t t en t ion  as sources of fue ls .  
I n t e r e s t  i n  bituminous sand depos i t s  of t h e  United S ta t e s  stems from extensive stud- 
ies of t h e  world's  l a r g e s t  deposit--the Athabasca tar sands i n  Canada--that cul-  
minated i n  a commercial 45,000-barrel-per-day p l an t  now being constructed by Great 
Canadian O i l  Sands, L t d . ,  i n  northeastern Alberta Province. 

/ 

The sca t t e red  occurrences of bitumen-impregnated rocks i n  the United S ta t e s ,  
including Alaska, have not  been evaluated i n  d e t a i l ;  t e n t i a l  reserves in  place 

p o s i t s  i n  Utah, Texas, and Ca l i fo rn ia  represent about 2 t o  3 b i l l i o n  ba r re l s  of 
bitumen i n  place.  A survey of information ava i lab le  on these domestic occurrences 
has been made by Ball Associates,  Ltd., under a cont rac t  w i t h  t he  Bureau of Mines. 
Results of the  survey w i l l  be published. 

are roughly estima.ted t o  be about 10 b i l l i o n  barrels,-  87 of which the l a rges t  de- 

The only commercial production of f ie ls  from a nonconventional source u t i l i z e s  
g i l s o n i t e ,  a hydrocarbon occurring i n  l imi ted  quantity i n  the  Uinta basin i n  Utah.2/ 
For seve ra l  years,  the American Gilsonite Company mined about 1,000 tons  of g i l son i t e  
d a i l y  and transported the  crushed s o l i d  mater ia l  i n  a water s l u r r y  72 miles by pipe- 
l i n e  t o  i t s  refinery.  E f f i c i e n t  hydraulic methods developed f o r  mining and trans- 
por t ing  t h e  g i l son i t e  , including boring machines f o r  d r i l l i n g  large-diameter (up t o  
62 inches) tunnels and sha f t s ,  o f f e r  advantages f o r  recovering other minerals such 
as coal.  A t  the refinery,  t h e  crushed g i l son i t e  i s  melted, mixed with hot recycle 
o i l ,  and re f ined  in to  1,700 b a r r e l s  of gasoline and 300 tons of metallurgical grade 
coke per  day. 

For seve ra l  years na tu ra l  gas was considered as the  r a w  m t e r i a l  f o r  t he  pro- 
duction of synthe t ic  l i q u i d  f u e l s  and waxes using the Fischer-Tropsch synthesis.  
the 1940's na tu ra l  gas had not ye t  become the preferred f u e l  f o r  home heating and 
i n d u s t r i a l  f i r i n g ,  p a r t l y  because an adequate p ipe l ine  system was not  i n  existence. 
Large quan t i t i e s  of na tu ra l  gas near the  source of supply could be contracted f o r  
a t  about f i v e  cents  per thousand cubic foot .  
cubic f e e t  per year. 
veloped workable processes f o r  converting na tu ra l  gas t o  higher hydrocarbons and had 
worked out  most of the ana lyses  of t h e i r  products. The only domestic synthe t ic  l iq -  
u id  f'uel p lan t  t o  get of f  t h e  ground ms t h e  one b u i l t  at Brownsville, Tex., by 

In  

Consumption was around 2 t r i l l i o n  
Most of t h e  major o i l  companies and engineering companies de- 

Carthage Hydrocol i n  1950. The h o c 0  Chemicals Corp. took over the p l an t  i n  1953 4 
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and a f t e r  engineering modifications declared the  process as being technica l ly  sound. 
However, by 1957 the consumption of na tura l  gas had r i s e n  t o  10 t r i l l i o n  cubic f ee t .  
Raw mater ia l  and o ther  cos ts  made the process uneconomical, and the  p lan t  a t  Browns- 
v i l l e ,  Tex., w a s  shut down i n  1957. 

Today the  only l a rge  synthe t ic  f u e l s  p l an t  known t o  be i n  operation i s  the 
SASOI, p lan t  near Johannesburg, South Africa. 
reported t o  be in  the  black and expansion is  continuing. Economic operation i s  pos- 
s i b l e  only b e c x s e  the  coa l  i s  inexpensive and t ranspor ta t ion  cos t s  a r e  high t o  
bring getroleum groducts from the  coast. Coal i s . de l ive red  a t  the p lan t  f o r  less 
than $1 a ton. Gasoline s e l l s  f o r  25 cents per  gallon a t  the re f inery  yielding a 
net p r o f i t  of about 8 cents a gallon. 
SASOL u n i t s  come from the s a l e  of byproducts used for the manufacture of synthetic 
rubber, p l a s t i c s ,  %axes, and f e r t i l i z e r s .  

Af te r  severa l  years the  operation i s  

About 40 percent of the  revenue from the 

The Office of Coal 3esearch, established i n  1961, includes l i q u i d  f u e l s  as one 
of i t s  objectives.  An ea r ly  contract  w a s  with the  FMC Corp. t o  convert coa l  by 
multistage carbonization i n t o  a l i qu id  mater ia l  t o  car ry  the  char and o ther  pa r t i -  
c l e s  i n  -7. :Jigeli:?e. 
3 100 lb ger  hoilr p l a t  ;?as scheduled for opera t ion .g?  One of the  experimental 
objectives has been t o  convert a s  much as possible of the 41 percent of v o l a t i l e  
matter i n  Elk01 coal t o  l i q u i d  products. 
l e s s  than half the estimated t o t a l .  

By 1964 small sca le  laboratory t e  t s  had been completed, and 

The highest  tar  y i e lds  reported have been 

The General E lec t r i c  Co. had planned t o  use a high-voltage corona discharge a s  
an agent i n  the  hydrogenation of coal i n t o  a l i q u i d ,  gas,  or chemicals. Smal l  sca le  
experiments indicated t h a t  i n su f f i c i en t  ac t iva t ion  was produced by the  corona d i s -  
charge, and work o a l a r g e r  sca le  has been suspended. h economic estimate pre- 
sented las t  year$ indicated that the break even point w a s  at  a product s e l l i ng  
pr ice  of 2 cents per pound and a corona e f f ic iency  of 1.5 kwh/lb coa l  reacted. 

Project gasoline was f i r s t  evaluated by the  Kalyh M. Parsons Co. and was con- 
sidered t o  be feas ib le .  The process as proposed by the Consolidation Coal Co. con- 
s i s t s  pr inc ipa l ly  of ex t rac t ion  of a l a r g e  part of coa l  i n  a recycle solvent,  f i l -  
t r a t i o n ,  separation of the ex t r ac t  from the recycle o i l ,  and upgrading of the ex- 
t r a c t  by ca t a ly t i c  hydrogenation. 
time indicate t h a t  a commercial plant could make gasoline a t  a cos t  of 13.6 cents 
a gallon& Hydrogen i s  a cos t ly  item i n  the  process, and another OCR contract  
with the MHi, Research Corp. an t i c ipa t e s  the  production of hydrogen i n  a plasma f o r  
25 cents per thousand cubic f e e t  compared with 40 cents  or more per thousand cubic 
f e e t  by conventional methods. 

Estimates based on s tudies  up t o  the present 

The At lan t ic  Refining Co. has proposed a process t o  mix coal and res idua l  f u e l  
and t o  treat the mixture as a re f inery  feed stock. 
i n  an e lec t r ic -genera t ing  s t a t ion .  It  i s  estimated t h a t  t he  combined feed t o  the  
coking u n i t  would recover about 30 percent of the  coa l  as l i q u i d  product, thereby 
reducing the mount of crude charged t o  the re f inery  by about 30 percent. 

The coke residue would be burned 

Conclusions 

Supplies of crude petroleum and na tu ra l  gas,  although abundant, a r e  not in- 
exhaustible, and provision i s  being made f o r  t he  time when our vas t  coal and o i l  
shale reserves w i l l  be ca l led  upon t o  supply a s ign i f i can t  q a n t i t y  of l i qu id  fuels.  
The Bureau's approach on coal  research has been t o  continue theo re t i ca l  and p r a c t i c a l .  
s tud ies  t o  reduce cos ts  by improving stages i n  the  process o r  by developing n e w  proc- 
esses.  A f l ex ib l e ,  in tegra ted  p lan t  might emphasize production o f  d i f f e r e n t  fue l s  
or byproducts under d i f f e r e n t  economic conditions and even a t  d i f f e r e n t  times of the 
year. To reduce hydrogen requirements, an a l t e r n a t i v e  i s  the  partial conversion of 
coal whereby most of the hydrogen is  u t i l i z e d  as a hydrocarbon product. 
product i s  used for generating power or making addi t iona l  hydrogen by gas i f ica t ion .  

The char 



f 
i 

i 

/ 

I 

In recent  years, o i l  shale  research by the Bureau of Mines has been l imited t o  
small sca l e  laboratory s tudies  on re f in ing  and ana lys i s .  
commercial development have been resumed within the  last  year. 
ducing gasol ine from o i l  shale  i s  almost competitive with gasoline from petroleum 
on the  west coast .  One of the  main problems is the  i so la ted  loca t ion  of major 
deposi ts .  

Large sca le  research and 
The cos t  of pro- 

The recent  process  developments discussed have added more t o  ref ined tech- 
nology r a the r  than provide s i g n i f i c a n t  savings i n  cos t .  As research i s  continued, 
more savings w i l l  probably be shown but  not la rge  ones unless  they occur i n  the  
a reas  of gas i f ica t ion  or reac t ion  k ine t i c s .  
i n  the United S ta t e s  and elsewhere i n  the world, t h a t  l i qu id  fue l s  can be made 
from coal. Zxcept i n  i so l a t ed  cases, cos ts  a r e  too high for coal  t o  be a r e a l  
contender with petroleum a t  cur ren t  pr ices .  

It  has been amply demonstrated both 

Only by continued research w i l l  the  remaining problems be solved. Research 
on both the  fundamental l e v e l  and engineering l e v e l  w i l l  be continued i n  the hope 
that a major breakthrough on t h e  cos t ly  s t eps  can be achieved. 
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